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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reduction gear for an electric 
power steering device having high reliability, especially having excellent 
dimensional stability necessary for a worm wheel. 
SOLUTION: This reduction gear for the electric power steering device 



for transmitting output of a steering assistant output-generating electric 
motor to a steering shaft has the worm wheel integrated with a resin 
part formed with gear cogs on the peripheral face, on the periphery of a 
metal core pipe. A resin component of the resin part is composed of at 
least a compatible resin component of a high water absorptive polyamide 
resin selected from a polyamide 6, a polyamide 66 and a polyamide 46, 
and a low water absorptive polyamide resin selected from a polyamide 
12, a polyamide 11, a polyamide 612, a polyamide 610, an aromatic 
polyamide and a denatured polyamide 12. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the moderation gear for electric power-steering equipments for transmitting the output of the 
electric motor for steering auxiliary output generating to a steering shaft The high absorptivity polyamide resin 
with which a resinous principle is chosen as the periphery of a metal core tube from a polyamide 6, a polyamide 
66, and a polyamide 46 at least, A polyamide 12, a polyamide 1 1, a polyamide 612, a polyamide 610, aromatic 
polyamide. The moderation gear for electric power-steering equipments characterized by having the worm gear 
which comes to unify the resin section which consists of a compatible resin constituent with the low absorptivity 
polyamide resin chosen from the denaturation polyamide 12, and by which the gear gear tooth was formed in the 
peripheral face. 

[Claim 2] The moderation gear for electric power-steering equipments according to claim 1 to which said 
compatible resin is characterized by containing low absorptivity polyamide resin at 10 - 40% of the weight of a 
rate. 

[Claim 3] Said compatible resin is a moderation gear for electric power-steering equipments according to claim 1 
or 2 characterized by containing further at least one sort of the thermostabilizer and amine system antioxidant 
which consist of mixture of copper iodide and potassium iodide. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the moderation gear for electric power-steering equipments for 
transmitting the output of the electric motor for steering auxiliary output generating to a steering shaft. 
[0002] 

[Description of the Prior Art] Since high rotation and the thing of low torque are comparatively used for an 
electric motor by the electric power-steering equipment built into an automobile, the moderation device is 
included in it between the electric motor and the steering shaft. It is common that the moderation gear 20 (only 
henceforth a "moderation gear") for electric power-steering equipments which consists of a worm 12 connected 
with the revolving shaft which is an electric motor (not shown) as shown in drawing 1 from the reasons of a big 
reduction gear ratio being obtained by the lot as a moderation device, and a worm gear 1 1 which gets into gear 
to a worm 1 2 is used. 

[0003] By such moderation gear 20, when both warm 12 was a worm gear 1 1 at metal, the fault that unpleasant 
sounds, such as ******** and an oscillating sound, occurred at the time of handle actuation was produced. 
Then, the cure against the noise is performed on the periphery of the metal core tube 1 by the product made of 
resin at the peripheral face at the worm gear 1 1 using the thing which made the resin section 3 which comes to 
form the gear gear tooth 1 0 unify. 

[0004] The ingredient of MC (monomer cast) nylon which does not contain reinforcement besides the ingredient 
which blended reinforcement, such as a glass fiber and a carbon fiber, with base resin, such as the polyamide 6 
which is indicated by JP,6~60674,B, a polyamide 66, polyacetal, a polyether ether ketone (PEEK), and 
polyphenylene sulfide (PPS), a polyamide 6, and polyamide 66 grade is proposed by the above-mentioned resin 
section 3. However, in consideration of fatigue resistance, dimensional stability, cost, etc., the MC nylon which 
does not contain reinforcing materials, the polyamide 6 containing a glass fiber, the polyamide 66, and the 
polyamide 46 grade are in use by current. 
[0005] 

[Problem(s) to be Solved by the Invention] However, although excelled in fatigue resistance, the above- 
mentioned polyamide system ingredient has high absorptivity, and if moisture is absorbed and the gear gear 
tooth 10 of a worm gear 11 swells, and the clearance which existed between worms 12 in early stages is lost or 
it swells further, it may press warm 12. A handle becomes heavy as a result and it is assumed that resistance of 
a gear becomes heavy by it and the gear section also stops functioning considering wear or damage as a lifting 
and the whole equipment by pressure. 

[0006] It is the thing for which this invention is made in view of such a situation, and a worm gear is asked and 
which are excellent in especially dimensional stability, and aims at offering the moderation gear for electric power 
steering equipped with high-reliability. 
[0007] 

[Means for Solving the Problem] In the moderation gear for electric power-steering equipments for the above- 
mentioned purpose to transmit the output of the electric motor for steering auxiliary output generating of this 
invention to a steering shaft The high absorptivity polyamide resin with which a resinous principle is chosen as 
the periphery of a metal core tube from a polyamide 6, a polyamide 66, and a polyamide 46 at least, A polyamide 
12, a polyamide 11, a polyamide 612, a polyamide 610, aromatic polyamide, It consists of a compatible resin 
constituent with the low absorptivity polyamide resin chosen from the denaturation polyamide 12, and is attained 
by the moderation gear for electric power-steering equipments characterized by having the worm gear which 
comes to unify the resin section by which the gear gear tooth was formed in the peripheral face. 
[0008] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this invention is explained to a detail. 
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[0009] The moderation gear of this invention equips the periphery of a metal core tube with the worm gear which 
unified the resin section which formed the gear gear tooth at the periphery end face by the product made of 
resin. The configuration itself [ such ] is the same as that of the conventional worm gear 1 1 which unified the 
core tube 1 as shown in drawing 1 , and the resin section 3. Moreover, there is no limit in a worm 12 and it can 
consider as metal as usual. 

[0010] However, the resinous principle of the resin section is formed from the compatible resin constituent of 
the high absorptivity polyamide resin chosen from a polyamide 6 (PA6), a polyamide 66 (PA66), and a polyamide 
46 (PA46), and the low absorptivity polyamide resin chosen from a polyamide 12 (PA12), a polyamide 1 1 (PA1 1), 
a polyamide 612 (PA612), a polyamide 610 (PA610), aromatic polyamide, and the denaturation polyamide 12. As 
aromatic polyamide, denaturation polyamide 6T (denaturation PA6T), a polyamide MXD6 (PAMXD6), polyamide 
6I6T (PA6I6T), etc. can be mentioned, for example. Moreover, as a denaturation polyamide 12 (denaturation PA 
12), an aromatic series ring and an aliphatic series ring can be introduced, for example into the structure of 
PA12, and it can mention with what was made into amorphism nature. 

[0011] It considers that there is no difference substantial in addition at the water absorption of 20 degrees C 
and the water absorption of 23 degrees C which shows the saturation water absorption in 20 degrees C of each 
polyamide mentioned above or 23 degrees C in Table 1, that to which this saturation water absorption exceeds 7 
% of the weight is classified into high absorptivity polyamide resin, and saturation water absorption classifies less 
than 7% of the weight of a thing into low absorptivity polyamide resin. 
[0012] 
[Table 1] 
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[0013] In this invention, mixing high absorptivity polyamide resin and low absorptivity polyamide resin, and 
maintaining thermal resistance, a mechanical strength, etc. which are the advantage of high absorptivity 
polyamide resin, the absorptivity as the whole resin is lowered with low absorptivity polyamide resin, and the 
dimensional change as a gear is controlled. Therefore, in order to satisfy thermal resistance, a mechanical 
strength, and low absorptivity with sufficient balance, when a resinous principle is made into 100 % of the weight, 
it is desirable to mix low absorptivity polyamide resin for high absorptivity polyamide resin by 1 0 - 40% of the 
weight of the ratio 60 to 90% of the weight. It becomes insufficient [ less than 10 % of the weight ] falling [ of 
absorptivity ] low absorptivity polyamide resin, and a dimensional change becomes large. Moreover, when high 
absorptivity polyamide resin becomes less than 60% of the weight, there is a possibility that neither thermal 
resistance nor a mechanical strength may reach practical use level depending on the low absorptivity polyamide 
resin to combine. When thinking thermal resistance as important, it can be compatible in low absorptivity and 
thermal resistance as low absorptivity polyamide resin by choosing denaturation PA 12, denaturation PA6T, 
PAMXD6, and PA6I6T. Especially, since denaturation PA 12 is amorphism nature, compatibility with high 
absorptivity polyamide resin is high, in addition to thermal resistance or low absorptivity, a mechanical strength 
also increases, and it is especially desirable. [ of compatibility ] 

[0014] Also by the resin independent, the above-mentioned compatible resin shows the endurance more than 
fixed, works advantageously to wear of the metal worm 1 2 which is the partner material of a worm gear 1 1 , and 
fully functions as a moderation gear. However, it is desirable to blend reinforcement, in order to raise 
dependability more, since damaging and wearing the gear gear tooth 10 out will also be assumed, if used on a 
severer service condition. As reinforcing materials, a glass fiber, a carbon fiber, a potassium titanate whisker, a 
boric-acid aluminum whisker, etc. are desirable, and what carried out surface treatment by the silane 
KAPURRINGU agent in consideration of the adhesive property with compatible resin is still more desirable. 
Moreover, these reinforcing materials can use it combining two or more sorts. It is desirable to blend fibrous 
objects, such as a glass fiber and a carbon fiber, if impact strength is taken into consideration, and when damage 
on a worm 12 is further taken into consideration, it is desirable to blend a whisker-like object combining a fibrous 
object. The mixing ratio in the case of carrying out mixed use changes with classes of a fibrous object and 
whisker-like object, and is suitably chosen in consideration of impact strength, damage on a worm 1 2, etc. The 
whole thing of especially reinforcing materials to blend at 10 - 30% of the weight of a rate is desirable five to 40% 
of the weight. When reinforcing material's loadings are less than 5 % of the weight, the improvement of a 
mechanical strength is not desirable few. the case where reinforcing material's loadings exceed 40 % of the 
weight — warm one — 12 — being damaged — being easy — warm one — wear of 12 is promoted, the 
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endurance as a moderation gear may be insufficient, and it is not desirable. 

[0015] The method of manufacturing a worm gear is not restricted and can follow the process shown in drawin g 
2 - drawing 5 . That is, after performing cross knurling tool processing to peripheral face 1a of the metal rodding 
1 and degreasing with a solvent ( drawing 2 R> 2), this core tube 1 is arranged to the metal mold equipped with 
sprue 4 and a disk gate 5, it is filled up with the above-mentioned compatible resin with an injection molding 
machine, and the resin section 3 is fabricated ( drawing 3 ). Subsequently, sprue 4 and a disk gate 5 are excised 
and the worm-gear blank material 7 by which the resin section 3 was united with the periphery of a core tube 1 
is- obtained ( drawing 4 ). And the gear gear tooth 10 of a predetermined configuration is formed in peripheral 
face 3a of the resin section 3 of the worm-gear blank material 7 by cutting, and a worm gear 1 1 is obtained 
( drawing 5 ). 

[0016] In addition, in order to prevent degradation by the heat at the time of shaping and use, it is desirable 
independent or to use together and to carry out optimum dose addition of the thermostabilizer which becomes 
compatible resin from the mixture of copper iodide and potassium iodide, or the amine system antioxidant. 
Thereby, thermal stability improves. 
[0017] 

[Example] Although an example and the example of a comparison are given to below and this invention is further 
explained to it, thereby, this invention is not restricted at all. 
[0018] (Examples 1-3, examples 1-2 of a comparison) 

As shown in [production of worm-gear specimen] table 2, high absorptivity polyamide resin, low absorptivity 
polyamide resin, and reinforcement were blended, and the resin constituent was prepared. And the worm-gear 
specimen was produced according to drawing 2 - drawing 5 R> 5. That is, cross knurling tool processing was 
performed and the core tube with an outer diameter [ of 45mm ] degreased and a width of face of 1 3mm made 
from S45C has been arranged to the metal mold equipped with sprue and a disk gate, and it was filled up with 
the molding material which consists of a resin constituent using an injection molding machine, and considered as 
worm-gear blank material with an outer diameter [ of 60mm ], and a width of face of 13mm, subsequently cutting 
of the periphery of the resin section was carried out, the gear gear tooth was formed, and the worm-gear 
specimen was produced. 
[0019] 
[Table 2] 
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[0020] [Evaluation of dimensional stability] each specimen was left under the following conditions I or Conditions 
II, and the variation of a gear outer-diameter dimension was measured after predetermined time progress, that to 
which variation exceeds success "O" and 40 micrometers for 40 micrometers or less also in which conditions — 
a rejection — it considers as "x" and is shown in Table 3. 

- 1:60 degrees C of conditions, 90%RH, 70 hour and condition 11:80 degree C, 90%RH, 300 hours [0021] [Evaluation 
of endurance] each specimen was included in the actual automobile moderation gear, and on the following 
conditions I or Conditions II, steering actuation was repeated and was performed, the moderation gear which was 
not able to bear the moderation gear which could be equal to 100,000 steering in which conditions at success 
"O" and 100,000 steering — a rejection — it considers as "x" and is shown in Table 3. 

- 1:30 degrees C of conditions, 50%RH and condition 11:50 degree C, 90%RH [0022] 
[Table 3] 
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[0023] If, as for the specimen of the example 1 of a comparison which does not contain low absorptivity 
polyamide resin, temperature and humidity become severe as shown in Table 3, dimensional stability will worsen 
and endurance will also fall in connection with it. Moreover, there is no problem in absorptivity, and the specimen 
of the example 2 of a comparison for which low absorptivity polyamide resin and high absorptivity polyamide 
resin are over the predetermined ratio which the resin ratio mentioned above with tales doses does not have the 
enough mechanical strength of ** with good dimension stability, and is insufficient of endurance. On the other 
hand, each specimen of the examples 1-3 according to this invention has high dimensional stability, and 
endurance is also excellent also in the bottom of a severe condition. 
[0024] 

[Effect of the Invention] As explained above, according to this invention, the moderation gear for electric power 
steering which is synthetically excellent in thermal resistance, a mechanical strength, and dimensional stability is 
obtained by having formed the resin section of a worm gear by the compatible resin of high absorptivity 
polyamide resin and low absorptivity polyamide resin. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing an example of the conventional moderation gear in this invention 
list. 

[Drawing 2] It is drawing for explaining the manufacture approach of a worm gear, and is the sectional view of a 
core tube. 

[Drawing 3] It is drawing for explaining the manufacture approach of a worm gear, and is the sectional view of 
shaping metal mold. 

[Drawing 4] It is drawing for explaining the manufacture approach of a worm gear, and is the perspective view of 
the obtained worm-gear blank material. 

[Drawing 5] It is drawing for explaining the manufacture approach of a worm gear, and is the perspective view of 
the obtained worm gear. 
[Description of Notations] 

I Core Tube 

3 Resin Section 

4 Sprue 

5 Disk Gate 

1 0 Gear Gear Tooth 

I I Worm Gear 
12 Worm 

20 Moderation Gear 
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K6 1 0 ( P A 6 1 0) . ^fK*U7; F. 

7 5 F 1 2*>6jStin-5®»R?Ktt^ l J7 5 KWBBiOffl 

tt, mi^tt^'JTS F6T <§£ttPA6T) . #<) 
7 5 KMX D 6 (PAMXD6) . #«J7S F6 I 6T 
(PA 6 1 6T) «8F«r*tf.SCi*i-C*a. gtt 
tf>;7 5 F 1 2 (^ttPA 1 2) il/t«. W*.tfPA 

» 1 : *U7« KWBnHUfi** (£1%) 



[001 1 ] ±E«C*tffc&# U7SFO20 *C*/ctt 

2 3 *ccctewsfiafaa&*^4» 1 cc^-r, 20 *c© 

Wfcmt 2 3X©&*^4r|||tffJfcg««tl»4#& 

fc©*fi**tt!i« 'J 7 5 FWlRfCftg-TS. 
[0012] 

[an 



PA6 


PA66 


PA46 


PA 1 1 


PA1 2 


«&PA1 2 


SftPA67 


PAMXD6 


9-1 1 


7. 5-9 


(12- 
1 3. 5) 


1. 6~ 
1. 8 


1. 5 


<3- 

3. 5) 


(2. 2) 


(5. 8) 



[0013] *»?B"CW, »«*tt*yT5 KWJ«£. 
(BMMctttf -J7^ KtWBIi *B£U l»R*tttf 'J 7 5 

»; r ^ FttMS* 6 0-90 ffiflS*tt# V 

75 R8BS4 1 0-4 0 ll%(7)l:b$rg^t^ C 
LI >, <S»*tt3i< 5 KAMI** 1 0 II%*iSt 
MWctt©E;T^^+» £ # 'J ^Ti^fb^;*;^ < ft 

ft&£, «^b«Sfi**tt*y7 ^ Kfijflgtc<tor 

ilt, ^14PA12, ^t£PA6T\ P A MX D 6 , 
PA 6 I 6T*iStR-r^C<b«:J:0, (SR*t* £ WttlSfe 
A*WAir5Ci3^-C*So *rt>, SH4PA12tt# 

oWXtt£^U ^*-a*-Y~;h i<Dtl*t*r** 

*«*. i«RiMfc **>ife&y*A$ 

4<fc, ^7^**^«^*»©**ttW*iB6'rSC 



^^*-ttW***«»t**^to*TE6T*Ci<f« 

Al 2 L/TjSHiatRSni- SB?fi«W. 
20 4(*(D5-4 01t% 1 KtC 1 0 — 3 0£fi%<D$O^T' 

»©«teOC W\ «*RW«*05IC«*y>«t < JT* 1/ < ft 

t-Al 2^1flO^<ft ! 9, •>*-A12©B«^ffi 

[0015] 9 *-a*^ -;u^$5f3t-r^^s«»<^ 

ft£fc©-C(*ft< % W*tfH2-^H5tcjS-rXB«caE5 

30 oxn-l/5» MWXSrfiSU *»fCKll!Lrft:» (HI 
2), COSf 14X7>-4Mf^^y-h5«: 
Lfc^SLCCffiH L/ . WHJJ5S»*tC cfc Q ±.m<D*mffi 
BB*3tWLr«BS»3tRJEJI5-r4 (S3) ya>"C\ X 

<£®m%f> 3 *s— (« 1 5 titc 0 ^ - A * -f - ;U 7* ^ > ^ 
7£f#£ (04) . -eor. e7*-A^^-;U^^>^ 
*f 7 CD^ggp 3 O^^Iffi 3 a , WHlJJjnXOC J: 0 »f 
tt(0^7* 1 0 4M U t "5 * - A* - 1 1 **»6 

n^>. is) . 

40 [0016]fS. dE»B*acf«fflB*©l»tc«t i^fcftES 
[0017] 

r«ftii a 

[0018] (3B»0»l-3, tbiMWl-2) 
so [«5*-A*-f-^«K#<Dfp«{] «2Cc^TSn<]S^ 



00 
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5 kge -o * - a * - fr&mtt-zitm i/ fc. bp^ . 

>yu*U-\sv hJJDI^SSU flftfliUfcJ1-S4 5 mm, 
ifll 3mm©S4 5CM©;i>g : &. 



* ^JlifflfiS«)3^ 6 fc S )$Jf5 *m*3<E« 1/ 6 0 m m . 

[0019] 
[02] 









931713 


vmw 


mtn 




PA66 
(6 35fi%) 


PA46 
(6 5£fl%) 


PA 6 

(7om*%> 


PAB6 1 


PAea 

<3 5£S%) 




StlPAl 2 
(7S156J 


fciiPAi 2 

(1 0Sft%) 


PA 1 2 
(t 0Sft%) 


frL 


«iPA12 
(3 5M%) 




GF 
(3 0£t%) 


GF 
(2 551%) 


GF 
<2 0ft%) 


GF 
(3 021%) 


GF 
(3 0fiffi%) 



an 
ii2) 

£3) 
;i4) 
&5) 
£6) 



PA6 6 (ft) fiUBE^n>2 02 0U (Cu*i»WJSS) 

PA4 6 : DJEPRStany 1 TW3O0 (Cuff&fil&te*) 
PA6 (ft) SUBE^D>1 0 22U (Cultmm&li) 

SEP A 1 2 : xlxZIBmz <«fc) KTR5 5 

PA1 2 :13B*S£<ft) «3UBE*>fD>3020U (Cu^JSaW^ft) 

gf : ^>i2v7>)>mxmzttfzii :: ?*im mrr4*-m* m »h»7k 

Xh7>KCSG3DEFT2A 



[0 02 0 ] [-tfttKEttOWH] ne^ 

^b«*M 0 mn«T*^» TOJ . 4 0mn4ai5 

• ^fr I : 6 0 0 C, 9 0 % R hL 7 0 B$|ffl 

•Mil: 8 0U 90%RH, 3 0 0I9IH 

[0 0 2 1 ] [»^te©»«] »^tt«:3SRi<D@l« 

* 3 : t^^Xi^SI 



i o 75®<Dmmcm?L c ttf-csft^^fcax^r £ 

• ^ I : 3 0"C, 5 0%RH 

• *fl=II : 5 0°C, 9 0%RH 
[0 02 2] 

ims) 

















o 


o 


O 


o 


O 




o 


o 


o 


X 


O 




o 


o 


o 


o 


X 


m&is (m ri) 


o 


o 


o 


o 


X 



[0 02 31 03 CC^-T^t 5 iC. ffiBSbktttf V 7 S KtU 

Bi*^*%t^hfswi ©seism*. . as. sa^i 

-ctift < wxtt*s*£ u 1 1> 4 . c txttytj L x*ma ic 
'& *> mam 1 - 3 o&tssum* . «»a*fl=T-c 

[0024] 



[Hil©fS!^ISiBJ] 

[0 1 ] *j%TO3Ecx«:a£*©asjS^7©— [?d**-r mm 

[12] ■5*-A*-f-Jl/©S!{^i*=S:lftB^-r-5fc&© 

^tf©»iffiia-e*s. 
[13 3] r >*-A^>f-jU©iJjg^ : &lft^4fc«)© 
ETC**). K6^^l©Brliia-C*S. 

tH4] >?*-A*^-ju©iijt^*iftB^-r-2)fca)© 

HtftO, Whtitc * - A* A - ib-fv if tt©$4m 

[H5] ■5 + -A*-f-A'©«Jt*iS*SlWr4fc«>© 
S-C^iQ. #P>ftfc^*-A*-f-Jb©$4t&E|-CNfcS. 
[^#©SiB^] 
1 



(5) 
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4 *y')l- 

i o *frm 



m 1 ] 




* 1 1 ^*-AsM-JU 
12 

2 0 «a¥7 



[B2] 
la 



1 



j ^1 




15] 




(51) Int. CI / aS93B-9 
F 1 6 H 55/22 

»3RJll»»4RrRMJB«iflB— TB 5#5« 



F I (##> 

F 1 6 H 55/22 

F 5? - A (#^ ) 3 DO 3 3 CA04 

33009 DA16 EA06 EA19 EA23 EA32 

EB06 EB13 FAOS 
33030 AA11 BA03 BB02 BC01 BC08 

CA10 

4 3002 CL01W CL01X CL03W CL03X 
DD086 FD066 GM02 



